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Abstract 
Lead and lithium isotope ratios in the monthly atmospheric deposits in Fukuoka, located on the southwestern part of the Japanese 
Islands, in 1964 and 1965 were determined. The Pb isotope ratios in the deposits suggest the atmospheric environment in the 
1960s in Japan had been strongly affected by automobile pollution in those days. The Li isotope ratio in the deposits shows the 
seasonal variation. This variation could be attributed to mixing of sea salt aerosols with mineral dust. 
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1. Introduction 
In recent years, air quality in the Asian region is getting worse, since the rapid industrialization and economic 
development of the Asian Nations increased air pollutants. In addition, the expansion of arid zone and the progress 
of soil degradation in the Asian Continent cause dust storms to occur more frequently. Consequently, anthropogenic 
pollutants emitted from inner and eastern coastal areas of the Asian Continent have been transported a long distance 
with mineral particles by the Asian dust storm events. Nowadays, the atmospheric environment in Japan has been 
affected by those transboundary pollutants, while air quality in Japan has drastically improved compared to that in 
the high-growth period of Japan. Japan, however, experienced the worst air pollution in the 1950s and 1960s, since 
large amounts of pollutants had been emitted into the air with growing industrialization and with relatively loose 
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regulations in those days. Thus, sources of air pollutants and factors controlling the atmospheric environments in 
Japan in high-growth period (from the 1950s to the first half of the 1970s) must differ from those in recent years. In 
this study, we discuss factors controlling the atmospheric environments in Japan about 50 years ago, the time of the 
high-growth period, based on the lead and lithium isotopic compositions of the atmospheric deposits. 
2. Experimental 
2.1. Samples 
The monthly atmospheric deposits in Fukuoka, near the northern shore of the Kyushu Island located on the 
southwestern part of the Japanese Islands, in 1964 and 1965 were subjected to this study. Fukuoka is the largest city 
in the Kyushu region. A heavily industrialized zone and coal mining areas are located around the city. The deposit 
samples have been collected every month with rainwater using a stainless still open surface sampler by Japan 
Meteorological Agency (JMA) and then evaporated to dryness without filtration. The soil sample collected in 
Fukuoka and the dry deposition sample in Nagasaki, located on the northwestern part of the Kyushu Island, 
collected when no precipitation in 2001at the time of a huge Asian mineral dust event had been observed were also 
analysed.  
2.2. Analytical procedures 
The atmospheric deposit samples were digested with HF/HClO4/HNO3 or aqua regia extraction treatment was 
done on them (only for Pb isotopic analysis), and the resultant solutions and extractants were evaporated to dryness. 
The evaporation residues were dissolved with a suitable acid to form sample solutions for each isotopic analysis. 
The isotope ratios of Pb and Li in the sample solutions were measured by ICP-MS after the chemical isolation of 
those elements with the Sr Spec resin (Eichrom) for Pb and with a strongly acidic cation exchange resin for Li. The 
207Pb/206Pb, 208Pb/206Pb and 7Li/6Li ratios were measured by SF-ICP-MS (AttoM, Nu instruments) with SRM981 and 
LSVEC as isotopic standards. The chemical compositions of the samples were determined by ICP-MS, ICP-OES, 
furnace atomic absorption spectrometer or flame emission spectrometer from the HF/HClO4/HNO3 digestion sample 
solutions. 
3. Results and Discussion 
3.1. Analytical results 
The obtained Pb and Li isotope ratios with their contents in the atmospheric deposits are listed in Table 1. δ7Li is 
defined as follows: δ7Li (‰) = ((7Li/6Li)sample ÷(7Li/6Li)LSVEC – 1) × 1000. 
Table 1. Pb and Li contents and isotopic ratios in atmospheric deposits collected at Fukuoka in 1964 and 1965. 
1964 
Sampling month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Pb /mmol kg-1 0.93 0.27 0.95 2.55 0.78 0.83 0.25 0.69 0.72 1.6 0.86 1.0 
Li /mmol kg-1 6.5 8.8 6.2 7.1 5.8 8.6 5.7 13.2 11.8 8.4 6.7 6.2 
207Pb/206Pb 0.8754 0.8773 0.8812 0.8573 0.8780 0.8743 0.8741 0.8739 0.8740 0.8643 0.8755 0.8800 
208Pb/206Pb 2.124 2.136 2.130 2.094 2.132 2.121 2.126 2.122 2.137 2.103 2.121 2.130 
δ7Li / ‰ 4.31 2.28 4.46 1.33 0.57 2.63 2.43 6.73 7.34 5.16 6.27 4.07 
1965 
Sampling month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Pb /mmol kg-1 1.3 0.91 0.58 1.58 0.99 1.06 0.76 1.0 0.73 0.51 0.64 0.60 
Li /mmol kg-1 4.8 6.5 6.2 6.7 5.7 6.6 5.3 7.5 8.4 9.4 7.3 7.8 
207Pb/206Pb 0.8733 - 0.8760 0.8660 0.8748 0.8727 0.8749 0.8780 0.8779 - 0.8568 0.8830 
208Pb/206Pb 2.120 - 2.124 2.108 2.130 2.116 2.120 2.132 2.124 - 2.099 2.129 
δ7Li / ‰ 1.83 2.70 2.20 2.54 1.71 7.19 1.25 4.24 4.94 4.62 2.63 2.11 
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3.2. Lead isotope ratio 
The time series of the Pb isotope ratios in the atmospheric deposits in Fukuoka between 1964 and 1965 are 
shown in Fig. 1a. As seen in Fig. 1a, the Pb isotope ratios in the Fukuoka monthly deposits varied temporally 
between 1964 and 1965; the lower 207Pb/206Pb and 208Pb/206Pb values were observed in Apr. 1964, Oct. 1964 and 
Apr. 1965. There is, however, no correlation between the Pb isotope ratios and the Pb content. The plots of the 
208Pb/206Pb ratios to the 207Pb/206Pb ratios in the Fukuoka deposits together with those in related samples are shown 
in Fig. 1b. The body of the plots of Pb isotope ratios in the Fukuoka deposits is in good accordance with that in the 
pond sediment sample, which must be contaminated with car exhaust soot derived from a leaded gasoline, in Tokyo 
in the 1970s. (1) Moreover, the Pb isotopic composition of the car exhaust particulates in Japan in the 1980s is also 
similar to those in the body of the Fukuoka deposits. In general, leaded gasolines have relatively high 208Pb/206Pb 
and 207Pb/206Pb ratios in the environmental samples1. In contrast, the Pb isotopic compositions in the Fukuoka 
deposits except for the one with the lowest value are different from those in the samples from 
geological/mineralogical sources like volcanic rocks in Japan and loess in China. The coal fly ash from Japanese 
coals has similar Pb isotopic composition to those geological samples. The Pb isotope ratios in some Fukuoka 
deposits with the lower values are similar to that in the incinerator fly ash in Japan, representing mean isotopic 
composition of lead used in ordinary households in Japan.1 These results suggest that the Pb isotope ratios in the 
Fukuoka deposits are, thus, affected by exhaust gases from automobiles using leaded gasoline in those days, and 
their variation may be attributed to that of coal-derived soot, although the contribution of the Asian mineral dust 
could not be negligible. 
 Fig. 1 (a) The time series of Pb isotope ratios in the Fukuoka deposits; (b) Pb isotope diagram of the Fukuoka deposit and related samples. The 
error bars denote ±1σ. 
3.3. Lithium isotope ratio 
The time series of the Li isotope ratio (δ7Li) in the Fukuoka deposits are shown in Fig. 2a. The Li isotope ratio in 
the Fukuoka deposits varied seasonally through 24 months between 1964 and 1965; the δ7Li values were lower in 
the spring times and higher in the summer to autumn times. The diagram of δ7Li plotted against Rb/Sr concentration 
ratio, reflecting a geological provenance of mineral dust, suggests that the deposits with a low δ7Li are contributed 
by local soils (Fig. 2b). Since Li isotope ratio positively correlates with the concentrations of Li, Ca and Sr, the 
variation of δ7Li was caused by the addition of some components containing alkaline earths with high δ7Li values 
into mineral dusts with relatively low δ7Li values. In order to elucidate factors controlling the variation of δ7Li in the 
deposits, we plotted δ7Li to the concentration ratios of Na/Li, Ca/Li and Sr/Li (Fig. 3). The results suggest that sea 
water (sea salts) is the most possible candidate of Li with a high δ7Li added into the Fukuoka deposits. On the other 
hand, the possible candidate of Li with a low δ7Li might be regional mineral dust. 
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   Fig. 2 (a) The time series of δ7Li and Li content in the Fukuoka deposits; (b) The plots of δ7Li to Rb/Sr concentration ratio in the Fukuoka 
deposits and related samples. The error bars denote ±1σ. 
 Fig. 3 The plots of the δ7Li against the (a) Na/Li, (b) Ca/Li and (c) Sr/Li concentration ratios in the Fukuoka deposits. 
4. Conclusion 
The Pb isotope ratios and Li isotope ratio in the atmospheric deposit samples in Fukuoka, Japan varied 
temporally and seasonally through the 24 months in 1964 and 1965. The deposits show relatively high Pb isotope 
ratios probably with a contribution from exhaust gases from automobile using leaded gasoline at that time. The 
atmospheric environment in the 1960s in Japan had, thus, been strongly affected by the local pollutant emissions 
especially by automobile pollution. On the other hand, the seasonal variation in the Li isotope ratio could not be 
attributed to local pollutants. It may be attributed to mixing of sea salt aerosol with a regional mineral dust. 
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